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im^m 1 1 

A-B-C-D-C -B' -A' (5£4U At A' M^v*fcffiHtt»8fc;il^tBfc 2** 

— n&trwimfr* etc itt\,^zfflmm®&x-~BSffi%:2*mDNA-?$>vx— xzm 

ASfrTV^T & «£ v> 0 ) <7)@g^iJ^ibJ&& 2 2|s:ilDNAo 
[f»*« 2 ] 

fff^l ^Ktt<7)2 2|s:MDNA^^tf>a^x.^^^-o 
[ffif*3l 3 1 

Im^M 4 ] 

^IB«^2*#lDNA^SA$tL7t^K^m#^ffi^i-^^Pf, RO r C*Lfc.x>' * U 
5 ] 
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1/ 



[0 0 0 1 ] 
[0 0 0 2] 

(^~1#) , (ii) j*(gLTV»&v**n-}"i>#v^ (iii) i#i|B«fl****fllW 
^Oy^fAfi, BIR(Break-Induced-Replication) £Df If tL&M^^t" Zttt 

[0 0 0 3] 

[^#ff\£fiU] PNAS, vol.98, no. 15, 8255-8262 (July 17, 2001) 
[^#W=^ 2 ] Genes Dev 12, 3831-3842 (1998) 

[0 0 0 4] 

*3£9! \t , X itfSi 1 £ it ipgi - * * © 2 *m DNA^ti^fflv^c itfc^if "lift 
^it, ifipIJSIHtf*®^ (5&ib< l-ttbffc) ii:, itinera (j^ifcfOtti-t L 

[0 0 0 5] 
[0 0 0 6] 

BP*>> #$&IJ3M\ A-B-C-D-C* -B' -A' (S^^K AfcA' fiSWCffllWIlfc 

» x. IT 16 * 2 #81 D N A "C* o T - * * « L T iB* |p] 1£^U $ * £ 2 # ft D N A 

-eft-Ptt^S: < i: & — ffi&trWmWfr, CtC lillv^cffi|W|^a*fex. i<rfl&& 2 $iDN 
A "C* o T— *=HW K*t LTit^ffi] fcffiyij S -frfc 2 *«ft D N A WrJt. D fi^ > * V 

i£ODNA®3?!l5& s #A$*L'CV>T<k iv> 8 ) OE3?U**5»JK& 2*«DNAT?*4 0 

mik-tzii&xib&o 
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BPJOS!)*] 
[0 0 0 7] 

[0 0 0 8] 

A{ttmmm<7)2*mDNAteA-B~c-D-c' -b' - a' osb^j^ 

<bj&& (H l #1) o 

DNAt^^o At A' itfflffl&tf 9 0%tlK**SiWfi Lv> 0 IC, At A' © 
d *>#K-gJ$fSB# (D) Ci£v>SB3- (^JA{i\ 10~30bp) <^ffl|W|tt^V>C: t**J: 
Lv» a £fc. At A' li-€-Oft$**500bpJSL±-C** £ fciW 4 Lv> 0 $Sv>t, ^46 OH 

ttzAtA' tit, mi izm-tziK— ^*'f&^-^ML-c^i6]^ie^i$*^o 

CtC fiAtA' 
[0 0 0 9] 

M<7)leu2dO «fc 9 ^itlM^stfS^-^^^ < t i> — o^tr £ t Offit Lv> 0 
[0 0 10] 

«v*BB9II*B«L"C«JWfi-*HOi> K*^ VT— £*I-Scel«3Bffc ^**&4 Lv>„ 
[0011] 

4fc*3&W<i0 2*ffl[DNAJw^v>T^ *(B©S6*©«/at*»fe A~C^t A' ~C F^t 

5tODNASB^J^#A$tt-CV»T^> £v* 0 
[0 0 12] 

itttdJ.^ K^^ VT-^^SAi-* t, ■fiJHfffiffr (D) fc*3V>T 2»DN A**«JBf 

S*U 13 2 tC^-Ti -5 Id. *WLfeffiRBB3rljra± (At A' , CtC ) Wt^ii 

LX, ±|B-9— ^^3fi*»**^ ^ttSft.fcStfc^fc^t^^aDNAa^fc 
ft.* t#x.^tL^ 0 t£oT, BtB' t^llSl^^, v>-f V»»<fr 
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[£ifc« 1 ] 

10 0 13] 

H2±«^-r J: 9 fc, 21@^H0IB^iJ (E?!J#-f- 1 ) KifetfrfcURASitfc^ (IE?0#-^ 
2) , 2«*e>tB3 £ BW'*V (YF257394-YF258454 (HERHMJjO 310^26716 

5-YF268121 (I£^J#^"4) , GeneBank Accession ID; NC 001138) , itteSf^- # -* 

o ^ v^&Tfi^W-eifcv*., Jflv*fcleu2d&IR*fc?-fi 

UKA3jtfc^i. leu2dlW<0fflEI>fi&*. «£ o T&3c£ *LT L $ *?"f KigMfft^iSf 
iOJttffi#ffirtOH0E2?iJtwZ:*filDNA-aJWf* , fl*$*i'% fctULfc-JV AfflHBffifllO* 

, HI 2 trffixmz. *)> n-y ^^-^^'f :/<0«»#&fr-f 

[HWJ 2 ] 
[0 0 14] 

KmX $ tltzm& fclferfeflU: * tti*«ft«Bfl&* (LS20) Lfco ^ - * -itfei^ 

A&PISI Vfz 0 

iO^-fei^DNA^PFGE (Pulsed-field gel electrophoresis) &&W2FIGE (Field-inv 
ersion gel electrophoresis) S:ioT^U 4 jfefflHRMfXhoIK «t o TM? tLfcDN 

[0 0 15] 

^9^>;V*^< ^;V=/-^«5c^"e^»$ti-fc^n-^ (SD-Ura^ HO^^ YX9VT 
-!£§&M3¥Bm) %.Tfu4 s sy*&<. -n=79 (SG-L 
eu, H0^> F**V 7 t:^V>T, :/ n - i: L T 1 eu2d ^fflV^T, PFGE &~ 

i o T£-8t $ frfclfe'fe'ffcDNA&tf 7 sir a - * ^;i/m^K) Cio XfrffiZ titzXhoIW4k&. 
<DdM*ffiffiLlzo <e*>*N|l*»3 Km-Tc Ati^-fe^DNA^PFGEJC-C^aiUfc^fiO, Btt 

t^.ff>^ny hffiKJ&itraWOfci&flltffcBU fcTFfo AJiPFGE-e#8l£*l 

u2d7" n - f £ f$ Xffitfr b tz & 60 ^-f-o 
[0 0 16] 

(HI 3) leu2d»f>T- : SrfflV^T^3^#^-'SI5^^tLTV>^telH 
j&;|*LS20K*JV*TH\ 15345 kbO«3lfcfe'»fc8.9».O f *&12.5 kb^XhoIKftfdTOm $ 
o H0^> Kp?^ V7--tf*S&H#bTV*&v»|fc14**HB[0 3 ^3, 41/- >] t?{± 

i««^fi[*^fA§*t7t292 kbO»6*-fe#fc-€-*L^fi*-rsil.6 kbOXhoIfflfJt^tB $ 
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;K7V?^->K4 m t^^it o fc 0 jgl8?[35, 43, 44, 47, 54, 58 
, 63] fiJBteMtfHRW^&^iHSft&SiJ O/^^-V&^U -e^lM Xfrh& 6$rfe 
#14 5afc&v>li7lB01eu2d*.#LTV>&fc&fcft& 0 IS2i£[45, 49, 56, 57, 66, 70, 7 

2] r-{4PFGElif^f^45v^T^t'5^v^>^^;v^t Wt^wiil^iil^^ ^ 

[0 0 17] 

, ztit>ir3k&fc±x-mmLx^% trnzbtiz (in 4 a) 0 

fg3?£[36, 38, 42, 46, 48, 50, 51, 53, 55, 59-62, 64, 65, 67-69] (4, MmM-iZ* 
6 Pk&fetD-V- J XKg£iH4&£v^\ IhomftO^f-ytetemt&MtbtltZo FIGE 
«<0^. ^0)^^23.5 kb^frTfimmZtifz (HUB) 0 

-^■tf^4^i41eu2d<7)iii|iS : S-#^^V^M^^^^ i *><D-?&& £3flt£*L£o 

[0 0 18] 

Ml 

[0 0 19] 

ffl^r. 2b^it^o^^^a^ N &mm£i£K'\%'=>zt-z>sm%:2>tztb, m&^-mmiz 

[M^ffim^M] 

[0 0 2 0] 

[Ull] ^^^2^MDNAOW^^-rH-e*^o 

[HI2] ^H^OilfS^-liiliMO^^^-rill-e^^o CENf4-t > fn^7, TEU4xn 
^T^^i" 0 DSB(Double Strand Break) {4 2 *^»f*3S^^i-o 
[IH3] ^Mf^ny hfe^4^1iiIii^%0«^*f*^-ril]-eab^>o Ai4PFGEK4 
Ltzt><D, Bt4XholM'fb^*>o£^rfo ^*;UAO±<a»t4^ n- 

[H4] ^^>7uy hmz£Zm&mW<r)MMM%r*jFirmx$)2> 0 A &4PFGET53- 
tttfc. WT2-7u-7'Xtk&Ltzi><0, Bl4TOKleu2dXn-^^ffiL/i ! b<7>£^; 
i"o 

[0 5] JtttWlT»ffiv^i«WI#fi:«:^-tB|-C2fe*o 

[ii6] jttfcwi tniSM2-C'^L^mm^^-rm-e*)*o 

[H7] JfcRfli 1 tHi&M2 i?4)$Lfc3n^-(0?I^t BI-C*^o 
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SEQUENCE LISTING 
<110> Japan Science and Technology Agency 
<120> JHE^IfflS 
<130> PS03-1369 
<160> 5 

<170> Patent In version 3. 1 

<210> 1 
<211> 52 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 1 

gcagcacgga atatgggact acttcgcgca acagtataat tttataaacc ct 

<210> 2 

<211> 1106 

<212> DNA 

<213> Saccharomyces cerevisiae 



<400> 2 



tttcaattca 


attcatcatt 


ttttttttat tctttttttt 

• 


gatttcggtt tctttgaaat 


60 


ttttttgatt 


cggtaatctc 


cgaacagaag gaagaacgaa 


ggaaggagca cagacttaga 


120 


ttggtatata 


tacgcatatg 


tagtgttgaa gaaacatgaa 


attgcccagt attcttaacc 


180 


caactgcaca 


gaacaaaaac 


ctgcaggaaa cgaagataaa 


tcatgtcgaa agctacatat 


240 


aaggaacgtg 


ctgctactca 


tcctagtcct gttgctgcca 


agctatttaa tatcatgcac 


300 


gaaaagcaaa 


caaacttgtg 


tgcttcattg gatgttcgta 


ccaccaagga attactggag 


360 


ttagttgaag 


cattaggtcc 


caaaatttgt ttactaaaaa 


cacatgtgga tatcttgact 


420 


gatttttcca 


tggagggcac 


agttaagccg ctaaaggcat 


tatccgccaa gtacaatttt 


480 


ttactcttcg 


aagacagaaa 


atttgctgac attggtaata 


cagtcaaatt gcagtactct 


540 


gcgggtgtat 


acagaatagc 


agaatgggca gacattacga 


atgcacacgg tgtggtgggc 


600 


ccaggtattg 


ttagcggttt 


gaagcaggcg gcagaagaag 


taacaaagga acctagaggc 


660 
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52 
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cttttgatgt tagcagaatt gtcatgcaag 


ggctccctat ctactggaga atatactaag 


720 


ggtactgttg acattgcgaa gagcgacaaa 


gattttgtta tcggctttat tgctcaaaga 


780 


gacatgggtg gaagagatga aggttacgat 


tggttgatta tgacacccgg tgtgggttta 


840 


gatgacaagg gagacgcatt gggtcaacag 


tatagaaccg tggatgatgt ggtctctaca 


900 


ggatctgaca ttattattgt tggaagagga 


ctatttgcaa agggaaggga tgctaaggta 


960 


gagggtgaac gttacagaaa agcaggctgg 


gaagcatatt tgagaagatg cggccagcaa 


1020 


aactaaaaaa ctgtattata agtaaatgca 


tgtatactaa actcacaaat tagagcttca 


1080 


atttaattat atcagttatt acccgg 




1106 



<210> 3 

<211> 1061 

<212> DNA 

<213> Saccharomyces cerevisiae 

<400> 3 



taagtactca 


agaatgggcc 


agaaataatg 


ttagagttta taggggtgac agcccttgag 


60 


ctaataaata 


ctacaataac 


agtgtccgtt 


tgaatgctgg tcggtgaatc aatcaaagat 


120 


ttggttgcaa 


tgatatgtgc 


aattttgctg 


atggagcttg ctaaagttgt gatattagtc 


180 


gagatccaat 


tagaacggat 


taggcgggaa 


tcgcttgagg gatcgccaaa aatacttgtg 


240 


atttgtgtaa 


gttggttgta 


atgcaaacct 


gctatcttta ctttcgaaca aaatagatga 


300 


atcagcggct 


aagtattctg 


tggctaatgt 


gctagataca tgttgagtac tgctatttgt 


360 


gcgcaaccgt 


tctaacaatg 


ctgagagatg 


atgaattgaa tatatcagaa gttttactag 


420 


ctacagtagt 


tgaggtacca 


atagtggggg 


♦ 

tatgcgaaaa tttactaaaa gcactgactg 


480 


gagttgtggt 


actagtgaat 


acctggtcca 


aataggttat gaaggaatca tttgagaatt 


540 


ggctagaagc 


aactaaaacg 


cccgtggatt 


gaggttcaga tttgctactg tcgctttcga 


600 


agaagctaga 


tgaaccacgg 


gtaaagtatt 


ctgcatctaa tgtgttcaat aaatattgag 


660 


tgacgttatc 


gtaatgttac 


agtactaaca 


ccgctagaaa atgctggtgt gaatgtgaat 


720 


gacgatagac 


ggactgatgc 


acttttccat 


tgtacgataa cat tact tac aagattggga 


780 


gaagcatgat 


tgaaaatttg 


actggaagaa 


ccacttatat taggagtggc ggtattagta 


840 
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eraaaatterar taaacercatc csraaaattaa 


atagaattta 


aagtttcctt gggtgcactg 


900 


ttttgggctg cagtgctaaa atccagaagt 


gttggagtca 


ggttacttgt ttgcatacag 


960 


acattactga agttttcaga aggcctttga 


atcgagaacg 


agataaggaa gtgtcctcta 


1020 


aatgcaattt tagagctcaa agtgaggata 


gtggcactga 


a 


1061 


<210> 4 
<211> 957 
<212> DNA 

<213> Saccharomyces cerevisiae 








<400> 4 
ctagcatcaa 


agacgggtgt tggaatttga 


caatttectt 

wl wV w w w V> W W 


caatetatcc aaggaagttt 


60 


taggtaatgg 


caggctaaat cttccaatca 


aacaecaaaa 


tacacctcaa sacgccccaa 

W l<t W%i^h*> W WVW%> 1 ■ *» W* 


120 


gaattttgaa 


tgaaggcgag ctgaatcccg 


aactt terttc 


tttaatertac aatttaatac 

\* W W T_A T_TT. W »^ W MV W W w fc» W* W WV**^ 


180 


caaaatgatt 


atccaacttg attagcttcg 


ateractcata 


casatccata ccaatatcaa 


240 


cttcacggat 


aactttttca actcttttaa 


attcttcaac 


atcatttttc eatcaaactg 


300 


cgtcaggttt 


tacatataga tcaagcgttg 


tcerertttata 


ctaceatertc atttacsatc 


360 


tgctgccaac 


agaagaaaca ttacgcagta 


cc ttseraaaa 


atctaeecaa tttatasaca 

wt W X— * w wlW WWW W^ W W%>^ V* 


420 


tgaatctcct 


atcgttctta aaacaatgta 


tttcctertcer 


t tettctcerat tctctttttt 

W w »^ W W ^^^^ W% W 1 w w w w w W W w 


480 


gctattctga 


aggacaggtc cat t tat cat 


ccaeraattct 


aatccceraat ttaasratatc 


540 


gtaacagtaa 


caacatcata tccaagcacc 


eaaeattcat 


terctctatat tccttgtctt 


600 


cgaataagga 


agataccgcg aagagactct 


ttassagtcs 


ererctteractc ccterccaaag 


660 


cagctattcc 


tgtataacac gcgatatttt 


atctccttert 

w4> w O W »W W w w 


cetcatgtffa aagtcaaaca 


720 


gcgcacgttt 


gtttgatgaa gcagcaactc 


tcctcttact 


ffcttttscag aattttgtga 

V-** WWW VVA^ W*wV WWW W w QIWi 


780 


gaagctctct 


tctcttggaa ctaacctagc 


catatggctt 


tctgccctct ttccgtcaac 


840 


attacaagat 


aaagatatcg gtataattta 


aagattcgac 


ctttacgccc tacatggcta 


900 


aaattacaat 


gccaaaatta tcatgaattc 


actttgttga 


cccggaatta caataca 


957 



<210> 5 
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<211> 1953 
<212> DNA 

<213> Saccharomyces cerevisiae 
<400> 5 



gatctagagg 


f f o o o» f o o otp oro o. 4" 4" 4~ r* t t Q 
LLddolddgo gddllLOLLd 


4* era 4* 4" 4" a 4" era 


L L L LLdL LcLL L CLCLCa. L clClg, L u 


60 


O foOOOOOOO 

ataaaaaaaa 


• 

4- ooor4* rri/ o. 4* q p o 51 51 t" t t t 51 54 
LddgLgLdld tdaaLLLLda 


a nrt" c/o r» 4- p 4- 4- 


pcfcrtt t taaa accraaaattc 


120 

>-k -W \«/ 


ttattcttga 


rrf nnpf r»f 4" 4" o* o» f orf o oror4" o» 
giadolClLL oCLgldggLO 


o op op 4* 4" oro* f f f 


pt*P5io , crt - 5*t"5l crp5i4- CT5i crcrt p 


180 

■A. \*r V/ 


gctct taiig 


dCLdLdLL LL LdOOggOdLg 


P r* CPO OTP SI Q 55 i* 


err* p 1" err* pa 51 1 rorfprrrat 


240 


4* 4" /"» O /» /"» O O O f 

t tcacccaai 


4- rr 4- o oro "f" o 4" op r* 4" oo r" 4" r*o*5iCP 
LgLdgdLdLg OlddOLOOdg 


r»o o f opo opf f or 
Odd Lgdg L 


51 1 era P t P t r cr crtcrtcrtattt 


300 

*v v/ \y 


taigtcctca 


rronrTOPQQpQ o*p 4* op4" 4* cp4* 5i a 
gdggdOddOd tt I Lg Lad 




ararcrcra fpf tatatatatt 


360 


f /■» o o f*/ro for 

tcaaggatat 


oo»o» o f 4* r» f o o 4* or tp 4" cfrrrr* 


4" 51 CI CP5J 51 CT5J 1" f* 
L ddgddg d L O 


crt r erf 1 1 tcrp racTertoracca 


420 


/»» 4* 4* /v/t 4* o o 

cgttggtcaa 


rro oof poporr o* o* oro o opo* r* o 4" 

gaaaxcdcdg oogddgoodi 


4* 51 51 crcrt" t* p 4* t" 

L ddgg LLtLL 


aaacrpta 1 1 1 rt c/atcrt tcQT 


480 


t Lccaargtc 


o o rr4- 4- o» oro 4* 4* f rrrooQQf pcj 
adglLOgdlL LogddddlOd 


4" 4~ f" 51 51 i" f" crcrt" 

L L Lddl Lgg L 


acrtcrrtcrrta tc_?atcrctac 


540 


aggtgtccca 


o> f f o»o»o opo 4* or q ororp* oro* 4" orCTQ 
Oil CCagd I g dggOgO Lggd 


51 erne t" p p 51 51 or 


a a cert t crater rrcrttttPft t 


600 

v_/ v_/ \_y 


O /TiT 4* /T/"» 4" /T 4" PP 

aggtgCtgLg 


ororf oror4" /"•o* 4" o oof orororort QP 

ggLggtccid aduggggLdu 


poprrt* 51 crt" erf" t" 
Ld^ t u 


acrarrtcraar aac/crtttac*t 


660 

V_r \_y \y 


O O O O O f /"» /"» 

aaaaauccgt 


o o o rfo oof f p o o f f or f op orp 

aaagaac t l c dd l l g l dogo 


poopff5i5i orji 

OddO L Iddga 


rratcrtaart ttcrratrr_?a 


720 


/-»4-/ r »fy»ffffo 

ctcic Lit ia 


nro pf f of pf p o» o o f P Q O orp p 
gaCLCdLCtC OddloddgOO 


51 P 51 51 4" *t* t" CTP 
dOdd L L LgL L 


aaacrort ar tor apttrcrttcrt 


780 


4- t* O /IPO /TO o 

tgtcagagaa 


f f o orf or or or o or orf offfooff 
LLagLgggdg gldllLdOll 


"1" (TCr4* 51 51 CP51 CT51 
Lgg Lddgdgd 


aacrcraacrapcr a t crcrt era t £? cr 

adggddgavyg ci. l 33 Lga. tgg 


840 


tgtcgcttgg 


oro f o orf rro op o o f OPOPPOff 
gdLdgLgddo ddLdOdOOgL 


4* p p 51 cr 51 55 crt" cr 
LLLdgddg 


paaacraatpa raacraatcrpT 


900 


/■» /v/> f f f /^o f or 

cgcr l tcatg 


oro* ppf opoqp of oro oro* pqpp 
gOOO t dLddL d IgdgOOdOO 


51 t* CTPP t* 51 1" t" 


tcrcrtrrt tcrcr ataaacrptaa 

Igg LOO L Lgg d LCiaagV/ Udd 


960 

*y \y 


tgl L L LggCC 


f o» f f o» o o oro 4" t q t epera era a a 
LLL LLddgdL LdLggdgddd 


51 51 P t" crt CTCTCl & 
ddO Lggdg 


craaarratra acraac_?aatt 


1020 

-J-. b_# X** 


cccxacat ig 


o o or orf f poop o f p o 51 4" 4" crci t 
ddggLLOddO dLtddLlgdL 


f fT5lt" \t force 


ffppatcratpp tac/ttaacraa 

gl>LdlgalLL> Lag t taagaa 


1080 

p-w w V-/ 


cccaacccac 


ctaaatggta ttataatcac 
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